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(54) Vehicle maneuvering control device 



(57) A vehicle maneuvering control device (1, 2) is 
disclosed. A curve of a road is detected (24) to calculate 
curve data including a distance between a vehicle and 
the curve, and a physical quantity indicating the degree 
of the curve. An allowable deceleration is set (28) at 
which the vehicle can travel in accordance with condi- 
tions of the road. An allowable lateral acceleration is set 
(26) at which the vehicle can travel in accordance with 
the conditions of the road. An allowable approaching 
speed is set (27) at which the vehicle can approach the 



curve based on the physical quantitiy and the lateral 
acceleration. A deceleration judging speed is calculated 
(29) for judging whether a present speed (V) at which 
the vehicle is travelling should be decreased based on 
the distance, the allowble deceleration and the allowa- 
ble approaching speed. Then, the present speed (V) is 
decreased (11 , 12, 13) when it is higher than the decel- 
eration judging speed. 



CM 

o 



Q. 
LU 



SIGNAL SW I 



STEERING 
ANGLE SENSOR 

3 

4 



YAW 

RATE SENSOR 



VEHICLE SPEED 
SENSOR 



Jilr 



ROAD GEOMETRY! 
DETECTOR f 



LONG TTUDINA t 

ACCELERATION 

SENSOR 



ROADS 
FRICTIC 
COEFFI 
ESTIMA 


URFACE 

m 

CIENT 
TION 








21 


VEHICLE SPEED 

CHANGE 

CALCULATOR 



24 



CURVE 

GEOMETRY 

DETECTOR 



23 



28b 



26 



25 



DATA 

REDUCTION f 



ROAD SLOPE I 
ESTIMATION f 



ALLOWABLE 

DECELERATION 

SETTING 



REFERENCE 
VALUE SETTER 



ALLOWABLE 
DECELERATION 
CORRECTOR 



ALLOWABLE 
LATERAL 
ACCELERATION 
SETTING 



REFERENCE 
VALUE SETTER 



VEHICLE SPEEO 
CORRECTOR 



CURVE ANGLE 
CORRECTOR 



J ROAD SLOPE 1 
n CORRECTOR I 



REFERENTIAL 
ALLOWABLE 
APPROACHING 
SPEED SETTING 



=F 

27 

FIG.1 




Primed by Xerox (UK) Business Services 
2.16.7/3.6 



3DOCID: <EP. 



_0901929A1J_> 



EP 0 901 929 A1 

Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to a vehicle maneuvering control device which can control a running vehicle at a proper 
speed on a curved road. 

[0002] Recently such vehicle maneuvering control devices have been developed as follows: On a vehicle, a navigator 
or the like is installed. A radius of curvature of a curve emerging ahead of the driver is calculated based on the proc- 
essed map information obtained from the navigator. Based on, for example, the detected radius of curvature and the 
10 vehicle speed, the warning/deceleration control is made while judging whether the vehicle can corner the upcoming 
curve or not. 

[0003] For example, the Japanese Patent Laid-open No. 194886/1996 discloses a control device responsive to the 
upcoming road condition. In this device, emerging curves are detected based on information from a navigator. When a 
curve is detected, the device takes into account both the curvature and vehicle speed, and judges whether the present 
is vehicle speed will be too high when entering the corner. If the speed is too high, a warning is set off, or the running con- 
dition of the vehicle is adjusted. 

[0004] The judgment according to the prior art is made as follows: A corrected value based on vehicle speed is added 
to a predefined target lateral acceleration based on steering angle and the vehicle speed, to obtain an allowable lateral 
acceleration for approaching the curve. An allowable approaching speed is calculated based on the obtained allowable 
20 lateral acceleration and the radius of curvature. When comparison between the present speed and the obtained allow- 
able approaching speed reveals that the present speed is higher than the allowable approaching speed, judgment is 
made that the present speed is too high. 

[0005] In general, when road slope, road surface friction coefficient or other road conditions change, the braking dis- 
tance and the critical cornering performance of vehicles may change even when the same braking force is applied. 
25 Accordingly, the setting of the allowable approaching speed, i.e., a referential judgment value for a vehicle under cor- 
nering must be made taking fully account of these factors. 

[0006] According to the prior art, however, when setting the allowable approaching speed, road slope, road surface 
friction coefficient and other road conditions are not fully taken into account, so that in a variety of actual running roads, 
it is difficult to make adjustments in perfect in accordance with the conditions of the road being traveled on. 
30 [0007] Furthermore, even when the vehicle speed exceeds the critical speed at which the vehicle can turn the corner, 
its crrticality varies with the distance remaining before entering the corner. The longer the remaining distance, the easier 
it is to decelerate the vehile down to the critical speed, but the shorter the distance, the more rapidly the deceleration 
must be performed. 

[0008] In the foregoing prior art, however, the device makes judgment by comparing the vehicle speed (the present 
35 speed) and the allowable approaching speed under the assumption that the vehicle will continue traveling at the present 
speed until it reaches the starting point of the emerging curve from the warning set-off point which has been defined as 
a given distance (depending upon the present vehicle speed) ahead of the curve staring point. Accordingly, to make a 
more practical and reliable control, the distance up to the curve starting point should be taken into account. 

40 SUMMARY OF THE INVENTION 

[0009] The present invention provides a vehicle maneuvering control device which can make an optimum control in 
accordance with the actual road conditions, and provides a practical, reliable and stabilized control with taking into 
account the effects stemming from the distance to the curve. 

45 [0010] The present invention provides a vehicle maneuvering control device comprising: curve detection means for 
detecting a curve of a road and calculating curve data including a distance between a vehicle and the curve, and a phys- 
ical quantity indicating a degree of the curve; allowable deceleration setting means for setting an allowable deceleration 
at which the vehicle can travel in accordance with conditions of the road; allowable lateral acceleration setting means 
for setting an allowable lateral acceleration at which the vehicle can travel in accordance with the conditions of the road; 

so allowable approaching speed setting means for setting an allowable approaching speed at which the vehicle can 
approaches the curve based on the physical quantity and the allowable lateral acceleration; warning judging speed cal- 
culating means for calculating a warning judging speed forjudging whether a warning should be given to a driver based 
on the distance, the allowable deceleration speed and the allowable approaching speed; warning means for warning 
the driver when the present speed is higher than the warning judging speed; deceleration judging speed calculating 

55 means for calculating a deceleration judging speed for judging whether a present speed at which the vehicle is traveling 
should be decreased based on the distance, the allowable deceleration speed and the allowable approaching speed; 
and decreasing means for decreasing the present speed when the present speed is higher than the deceleration judg- 
ing speed. 
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[001 1] Furthermore, the present invention provides a vehicle maneuvering control device comprising: curve detection 
means for detecting a curve of a road and calculating curve data including a distance between a vehicle and the curve, 
and a physical quantity indicating a degree of the curve; allowable deceleration setting means for setting an allowable 
deceleration at which the vehicle can travel in accordance with conditions of the road; allowable lateral acceleration set- 
ting means for setting an allowable lateral acceleration at which the vehicle can travel in accordance with the conditions 
of the road; allowable approaching speed setting means for setting an allowable approaching speed at which the vehi- 
cle can approaches the curve based on the physical quantity and the allowable lateral acceleration; deceleration judg- 
ing speed calculating means for calculating a deceleration judging speed for judging whether a present speed at which 
the vehicle is traveling should be decreased based on the distance, the allowable deceleration speed and the allowable 
approaching speed; and decreasing means for decreasing the present speed when the present speed is higher than 
the deceleration judging speed. 

[0012] Furthermore, the present invention provides a vehicle maneuvering control device comprising: curve detection 
means for detecting a curve of a road and calculating curve data including a distance between a vehicle and the curve, 
and a physical quantity indicating a degree of the curve; allowable deceleration setting means for setting an allowable 
deceleration at which the vehicle can travel in accordance with conditions of the road; allowable lateral acceleration set- 
ting means for setting an allowable lateral acceleration at which the vehicle can travel in accordance with the conditions 
of the road; allowable approaching speed setting means for setting an allowable approaching speed at which the vehi- 
cle can approaches the curve based on the physical quantity and the allowable lateral acceleration; warning judging 
speed calculating means for calculating a warning judging speed for judging whether a warning should be given to a 
driver based on the distance, the allowable deceleration speed and the allowable approaching speed; and warning 
means for warning the driver when the present speed is higher than the warning judging speed. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] 

FIG. 1 is a block diagram showing the overall configuration of a vehicle maneuvering control device according to 
the present invention; 

FIG. 2 is a block diagram showing a configuration of the curve geometry detector; 

FIG. 3 is an illustration showing how to determine the radius of curvature of an emerging curve; 

FIG. 4 is an illustration showing how to correct the obtained radius of curvature of the emerging curve; 

FIG. 5 is an illustration showing examples of point data actually obtained from a navigator; 

FIG. 6 is an illustration showing vehicle's two-wheel model under lateral motion; 

FIGS. 7 A to 7D are illustrations showing the four cases at data reduction section; 

FIG. 8 is an illustration showing one example of a road under data reduction; 

FIG. 9 is an illustration showing the radii of curvature of curves at points in FIG. 8; 

FIG. 10 is a table showing trial results of data reduction; 

FIGS. 1 1 A and 1 1 B are illustrations showing the characteristics curve of vehicle speed correction coefficient and 
curve angle correction coefficient; 

FIG. 12 is a table showing one example of warning speed and decelerated speed to be stored; 
FIG. 13 is an illustration showing the relation of warning speed and decelerated speed to be stored; 
FIG. 1 4 is a flow chart showing warning / deceleration control; 

FIG. 1 5 is a flow chart showing warning / deceleration control following the one of FIG. 1 4; and 
FIG. 1 6 is a flow chart showing one example of deceleration control. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0014] A detailed description will be made for preferred embodiments of the vehicle maneuvering control device 
according to the present invention as follows, referring to the attached drawings: 

[0015] In FIG. 1 , a controller 2 of a vehicle maneuvering control device to be installed on a vehicle receives signals 
related to steering angle, yaw rate, vehicle speed, and longitudinal acceleration as detected by a steering wheel angle 
sensor 3. yaw rate sensor 4, vehicle speed sensor 5, and longitudinal acceleration sensor 6, respectively. A signal of a 
turn signal switch 7 is also input to the controller 2, so as to detect turning operations of the driver (going straight, right 
turn, left turn). A wheel speed sensor 5 may be substitute for the vehicle speed sensor. 

[001 6] A navigator 8 is connected to the controller 2. The navigator 8 provides to the controller 2 such information as 
point data in map information representing the location and geometry of the road; and road type information, such as 
highways, ordinary national roads and local roads. The width of the road may be input to the controller 2 as map infor- 
mation from the navigator 8. 
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[0017] Furthermore, a road geometry detector 9 is connected to the controller 2, and detects road width and other 
data related to road geometry. 

[0018] Based on the inputs from the sensors 3, 4, 5 and 6, as well as from the turn signal switch 7, the navigator 8 
and the road geometry detector 9, the controller 2 determines whether the vehicle can turn an approaching curve in a 
s stable manner. If required, the controller 2 will warn the driver through a warning device 10, such as, a buzzer, voice 
warning generator, and warning lamp. Furthermore, if an enforced deceleration is required, the controller 2 will not only 
set off warning, but also activate a transmission controller 1 1 to shift the gears down, an engine controller 12 to reduce 
excessive oil pressure, fuel cut, and throttle full closing (closing control), a brake controller 13 to apply the brakes and 
increase the braking force. 

10 [0019] In general, as shown in FIG. 2, the navigator 8 consists mainly of a vehicle position detection sensor 8a, an 
auxiliary memory 8b, a display 8c, a control section 8d, and a processing unit 8e. 

[0020] The vehicle position detection sensor 8a gathers running information related to vehicle position. The sensor 
8a consists mainly of a GPS (Global Positioning System) receiver to receive positioning signals from GPS satellites so 
as to determine the position of the vehicle; a magnetic sensor to detect the absolute running direction of the vehicle; 
is and a wheel speed sensor composed of an electromagnetic pickup facing an outer periphery of a rotor fixed to the 
wheel to output a pulse signal when it crosses projections on the outer peripheral of the rotor. 

[0021] The auxiliary memory 8b is a CD-ROM device, containing a CD-ROM storing road information, topographical 
information and other road map information. The CD-ROM stores road map information at several hierarchical levels of 
varying scales as well as road type information such as highways, ordinary national roads, and local roads, and pas- 

20 sage conditions information of intersections. As shown in FIG. 5, the road data included in the road map information 
consists of point data (nodes) input at given intervals of space and line data (link) formed by connecting these nodes. 
[0022] The display 8c is a liquid crystal display which displays maps, the vehicle position (the latitude, longitude and 
altitude), orientation, the position of vehicle on the map, and the optimum routing up to the destination. A touch panel 
as the control section 8d is integrated within the display 8c (liquid crystal display), making it possible to change display- 

25 ing of the map scale, detailed display of place names, and displays of area information and route guidance. 

[0023] The processing unit 8e combines the vehicle running information obtained from the vehicle position detection 
sensor 8a and the map information read from the auxiliary memory 8b, while making map matching and other process- 
ing. The results are fed to the display 8c based on an operating signal sent from the control section 8d, so as to display 
the present position of the vehicle, its peripheral map, the optimum route to the destination and other information. The 

30 node data of the road data and the information on node types are output to the controller 2 as required. 

[0024] According to this embodiment, an important function of the road geometry detector 9 is to detect road width. 
The detector 9 consists mainly of a pair of CCD cameras 9a, an image processor 9b and a road width detector 9c. 
[0025] The pair of CCD cameras 9a are installed at the right and left sides of the front of the vehicle ceiling at a fixed 
distance, so as to image the objects outside of the vehicle from different view points. Signals of the passing images 

35 taken by the CCD cameras 9a are output to the image processor 9b. 

[0026] A pair of stereo images taken by the CCD cameras 9a are fed to the image processor 9b that determines dis- 
tance information over the entire image filed by way of trigonometric calculations according to the deviations of the posi- 
tions of objects in each image, so as to generate a distance image showing distance distribution in 3-D. The generated 
3D-distance image is output to the road width detector 9c. 

40 [0027] The road width detector 9c first recognizes the road bang traveled on by providing a histogram processing of 
the distance distributions of the distance images sent from the image processor 9b. The road width thus calculated is 
then output to the controller 2 as required. 

[0028] The road width detector 9c approximates, for example, lane-dividing lines as broken lines, and judges the area 
between the left and right broken lines as the traffic lane for the vehicle. The road width is calculated from the distance 

45 between the left and right broken lines of the traffic lane. The road geometry detector 9 detects road geometry to deter- 
mine the road width and compares the obtained road geometry with the map road geometry data in the navigator 8, 
and corrects the vehicle position on the map, thereby allowing a more accurate positioning of the vehicle. 
[0029] The warning device 1 0 is a warning means which consists of a chime, buzzer, voice warning generator, warn- 
ing lamp or combination of these. For example, during warning set-off time, either such a voice warning as "Slow down 

so for the approaching curve" previously recorded in the CD-ROM in the navigator 8 or a buzzer warning is taken, and dur- 
ing enforced deceleration time, the voice warning, the buzzer warning and lighting of the warning lamp are combined. 
There may be other warning systems, such as selection of two or more voice warnings for just warning time and 
enforced deceleration time. Color display on the map or voice annunciation may be used for more clearly teaching the 
driver about the position of the curve for which warning / deceleration control should be taken. 

55 [0030] The transmission controller 11 (deceleration means) makes transmission- related controls such as gear 
change, lockup of torque converter, and line pressure. The transmission controller 1 1 not only outputs the present gear 
position to the controller 2, but also makes gear shrft-down operation on receiving a signal for commanding a shift-down 
from the controller 2. 
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[0031] The engine controller 12 (deceleration means) makes such engine related controls as fuel injection, ignition 
timing, supercharging pressure, and throttle opening. The engine controller 1 2 not only outputs to the controller 2 super- 
charging pressure control information, fuel cut information, and throttle opening control information, but also makes 
supercharging pressure down, fuel cut or throttle full closing operation (closing control) when receiving, respectively, a 
5 signal for executing the supercharging pressure down, fuel cut or the throttle full dosing (closing control) from the con- 
troller 2. 

[0032] The brake controller 1 3 (deceleration means) is connected to a hydraulic unit to make an anti-lock brake control 
and an automatic brake control. The brake controller 13 not only outputs the present brake activation condition to the 
controller 2, but also, receiving a command signal for brake activation or brake force increase, executes brake activation 

10 or brake force increasing. 

[0033] The controller 2 comprises a vehicle speed change calculator 21 , a road surface friction coefficient estimation 
section 22, a road slope estimation section 23, a curve geometry detector 24, a data reduction section 25, an allowable 
lateral acceleration setting section 26, a referential allowable approaching speed setting section 27, an allowable decel- 
eration setting section 28, a warning speed calculation / memory section 29, a speed calculation / memory section 30, 

is a control execution determination section 31, a warning judgment output section 32, a deceleration judgment output 
section 33 and a selection section 34. 

[0034] The above vehicle speed change calculator 21 calculates a change rate of vehicle speed for each setting time 
based on the vehicle speed output from the vehicle sensor 5. The calculation results are output to the road slope esti- 
mation section 23 and the control execution determination section 31 . 

20 [0035] The road surface friction coefficient estimation section 22 estimates road surface friction coefficient \i using, 
e.g., the method disclosed by the applicant of the present invention in the Japanese Patent Laid-open No. 2274/1996, 
based on the vehicle speed V from the vehicle speed sensor 5, the steering angle 5f from the steering wheel angle sen- 
sor 3 and the yaw rate y from the yaw rate sensor 4. The estimated road surface friction coefficient u. is output to the 
allowable lateral acceleration setting section 26 and the allowable deceleration setting section 28. 

25 [0036] A change rate Aji of the estimated road surface friction coefficient is calculated. If the change rate Au. is larger 
than a given value, an allowable deceleration XgLim, an allowable lateral acceleration ayln, a referential allowable 
approaching speed Vpn, a warning speed VA, and a deceleration speed VB (each to be described later) are recalcu- 
lated before starting the control. 

[0037] The estimation method of the road surface friction coefficient ji according to the invention compares a yaw rate 
30 response based on the equation for the vehicle's motion and an actual yaw rate so as to estimate online the coefficient 
while taking the equivalent cornering power of tire as unknown parameter. In detail, the road surface friction coefficient 
\i is calculated by the parameter adjustment law according to the following adaptive control theory: 
[0038] Using the vehicle motion or maneuvering model shown in FIG. 6, an equation for the vehicle's lateral motion 
is established. An equation of motion for lateral translation is as follows: 

35 

2* Cf + 2 • Lf-2 • Cr=M • Gy (1) 

where Cf and Cr are the cornering forces of front and rear wheels, respectively, M is the body mass, and Gy is the lateral 
acceleration. On the other hand, an equation for rotational motion around gravity center is as follows: 

40 

2 • Cf • Lf -2 • Cr • Lr= Iz • (dy/dt) (2) 

where Lf and Lr are the distance from gravity center to longitudinal wheel axles, Iz is the yawing inertial moment of the 
body, and dy / dt is yaw angular acceleration. Using vehicle speed V and the lateral translation speed (side slip speed) 
45 Vy of gravity center, the lateral acceleration Gy can be transformed into the following expression (3): 

Gy = (dVy / dt) + V • y (3) 

[0039] Actually, the cornering force may make a response essentially like a first-order lag for the side slip angle of 
so tires, but if this lag may is neglected, thus obtaining the following expressions (4) and (5): 

Cf = Kf - af (4) 

Cr = Kr • ar (5) 

55 

where Kf and Kr are the cornering powers of longitudinal wheels, respectively, af and ar are the side slip angles of them. 
[0040] Using equivalent cornering powers in consideration of the influence of roll and suspension on the cornering 
powers, the side slip angles af and ar are simplified as follows (expressions (6) and (7)): 
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af = (Sf / n) - ((Vy + Lf • y) I V (6) 
ar = Sr - ((Vy + Lr • y) / V) (7) 

where 5f is front wheel steering angle, 5r is rear wheel steering angle, and n is steering gear ratio. 
[0041] The above are fundamental equations of motion. 

[0042] Here, the foregoing equations of motion represented with conditional variables, to develop the adaptive control 
theory by establishing the parametric adjustment law may allow for estimation of various parameters. Then, the corner- 
ing power of the actual vehicle is determined from the estimated parameters of the actual vehicle. The body mass and 
yawing inertial moment of the vehicle may be used as the estimated parameters, but in this case let us assume that 
these are constant and only the cornering power of vehicle's tires may vary. The factors influencing the cornering power 
of the tires may be non-linearity of lateral force in respect to slip angle, influence of the road surface friction coefficient 
u, and influence of load displacement. For example, the cornering powers Kf and Kr of the longitudinal wheels are given 
by the following expressions (8) and (9), when a parameter "a" estimated from a variation of yaw rate y and another 
15 parameter "b" estimated from the front wheel steering angle 8f are taken into consideration: 

Kf = (b • Iz • n) 1(2 • Lf) (8) 

Kr = (a • Iz + Lf • Kf) / Lr (9) 
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[0043] Therefore, the cornering powers Kf and Kr of the longitudinal wheels in a non-linear range can be estimated 
by calculating the above expressions giving various values to the vehicle speed V, the steering angle Sf and the yaw rate 
y. Then, the road surface friction coefficient u. can be calculated based on a comparison of the estimated cornering pow- 
ers Kf and Kr respectively with, e.g., the ones on a high friction coefficient road, thereby resulting in setting of a more 
25 accurate estimation of the road surface friction coefficient \i in a non-linear range. 

[0044] The road slope estimation section 23 calculates the road slope SL (%) using the following expression (10), 
based on the longitudinal accelerations given from the longitudinal acceleration sensor 6 and a change rate (m Is 2 ) of 
the vehicle speed for each setting time calculated by the vehicle speed change calculator 21 : 



30 



Road slope = (longitudinal acceleration - vehicle speed change rate /g) * 100 (10) 



where g (m/s 2 ) is the gravitational acceleration, and (+) is a climbing direction of road slope. 

[0045] Then, a change rate ASL of the estimated road slope SL is calculated. When the change rate ASL exceeds a 
35 given value, such data as an allowable deceleration XgLim, an allowable lateral acceleration ayln, a referential allowable 
approaching speed Vpn, a warning speed VA and a deceleration speed VB (to be described later) are recalculated, 
before starting control. 

[0046] In this connection, as shown in the following expression (11), the road slope SL can be calculated using an 
engine output torque (N-m), a torque ratio of the torque converter (in the case of automatic transmission vehicle), a 
40 transmission gear ratio, a final gear ratio to be used, a radius of tire (m), a running resistance (N), a mass of vehicle 
(kg), a vehicle speed change rate (m/s 2 ), and the gravitational acceleration g(m/s 2 ): 

Road Slope SL = tan (sin 1 (((engine output torque • torque ratio of torque converter • 
45 transmission gear ratio • final gear ratio/radius of tire) - running resistance)/ mass of vehicle - 

vehicle speed change rate) /g)) -100) = ((((engine output torque • torque ratio of torque converter • (1 1) 
transmission gear ratio • final gear ratio /radius of tire) - running resistance) 
/ mass of vehicle - vehicle speed change rate) /g)) • 1 00 

50 

[0047] Furthermore, the road slope SL may be calculated based on altitude data obtained from the navigator 8, or 
based on road geometry data obtained from the road geometry detector 9. 

[0048] The foregoing road slope SL calculated by the road slope estimation section 23 is output to the allowable lat- 
eral acceleration setting section 26 and the allowable deceleration setting section 28. 
55 [0049] The curve geometry detector 24 is provided not only with point data (nodes) representing the roads in the map 
information and road type information, i.e., highway, ordinary national road or local road from the navigator 8, but also 
with the road width information from the road geometry detector 9. Receiving the input information, the curve aeometry 
detector 24 calculates the curve data for every node within a set distance (forward control range, e.g., V /(^ • g) 
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assuming twice stop distance under p. * g deceleration as curve detection range) ahead of the vehicle, so as to output 
to the data reduction section 25. 

[0050] As shown in, e.g., FIG. 2, the curve geometry detector 24 comprises a three-node detection section 24a, a Pn- 
1 Pn distance calculator 24b, a Pn Pn+1 distance calculator 24c, a long-short judgment section 24d, a mid-point calcu- 

5 lator 24e. a mid-point same distance point calculator 24f, a radius calculator 24g and a correction section 24h. 

[0051] As shown in FIG. 5, the three-node detection section 24a reads three nodes located at given intervals in the 
travelling direction of the vehicle or on the road selected by the driver, successively (from a node closer to the vehicle) 
as the first node Pn-1, the second node Pn and the third node Pn+1, from the road nodes input from the navigator 8. 
Among these read three nodes, the positional information of the first and second nodes Pn-1 and Pn are output to the 

w Pn-1Pn distance calculator 24b, and the positional information of the second and third nodes Pn and Pn+1 are output 
to the PnPn+1 distance calculator 24c. Pn-1, Pn, and Pn+1 are represented by (Xn-1, Yn-1), (Xn, Yn), and (Xn+1, 
Yn+1), respectively. The representative node of the curve is Pn. Therefore, the curve data of points P1, P2, .... and Pn 
are calculated by the combination of (P0, P1, P2), (P1, P2, P3), and (Pn-1, Pn, Pn+1), respectively. 
[0052] The Pn-1 Pn distance calculator 24b calculates a straight distance connecting Pn-1 and Pn based on the posi- 

15 tional information of Pn-1 and Pn input from the three-node detector 24a, so as to output the straight distance to the 
long-short judgment section 24d and the correction section 24h. 

[0053] The PnPn+1 distance calculator 24c calculates a straight distance connecting Pn and Pn+1 based on the posi- 
tional information of Pn and Pn+1 input from the three-node detector 24a, and outputs the straight distance to the long- 
short judgment section 24d and the correction section 24h. 

20 [0054] The long-short judgment section 24d compares the straight distance connecting Pn-1 and Pn input from the 
Pn-1 Pn distance calculator 24b and the straight distance connecting Pn and Pn+1 input from the PnPn+1 distance cal- 
culator 24c, so as to judge which is shorter. Every data (position, distance) for the shorter straight distance is output to 
the mid-point calculator 24e and the correction section 24g, while every data (position, distance) for the longer straight 
distance is output to the mid-point same distance point calculator 24f. 

25 [0055] In this connection, when the comparison at the long-short judgment section 24d shows an equal length for the 
both straight distances, that is, when either one can be used, it is previously set so that the straight line connecting Pn- 
1 and Pn is to be handled as the shorter straight line (or it may be previously set so that the straight line connecting Pn 
and Pn+1 is to be handled as the shorter straight line). 

[0056] Based on the every data (position, distance) for the shorter straight line input from the long-short judgment 
30 section 24d. the mid-point calculator 24e not only calculates half of the shorter straight distance, but also determines 
the mid point position on the shorter straight line. Here, when the shorter straight line is the straight line connecting Pn- 
1 and Pn. and when the mid-node Pn-1 , n is represented as (Xn-1 , n , Yn-1 , n) 

Pn-1, n = (Xn- 1,n, Yn - 1, n) = ((Xn - 1 +Xn)/2, (Yn-1 Yn)/2) 

35 

. [0057] Furthermore, every data calculated by the mid-point calculator 24e is output to the mid-point same distance 
point calculator 24f and the radius calculator 24g. 

[0058] Based on the data (position, distance) of the longer straight line input from the long-short judgment section 
40 24d and the data (half the distance) of the shorter straight line input from the mid-point calculator 24e, the mid-point 
same distance point calculator 24f determines a mid-point same distance point at the position at half the distance of the 
shorter straight line apart from Pn on the longer straight line. Here, let us assume that the longer straight line is the line 
connecting Pn and Pn+1 , and let us represent the mid-point same distance point by Pn, n+1 (Xn, n+1 , Yn, n+1). Then, 

45 Pn, n+1 = Pn + Pn, n+1 

= (Xn, Yn) + K2 • (Xb+1 - Xn, Yn+1 - Yn ) 
= (Xn, n+1, Yn, n+1) 

where. K2 = ((Xn - Xn-1) 2 + (Yn - Yn-1) 2 ) 1/2 /(2 • ((Xn+1 - Xn) 2 + (Yn+1 - Yn) 2 ) 1/2 ) 
so [0059] The positional data of the mid-point same distance node Pn, n+1 calculated by the mid-point same distance 
point calculator 24f is output to the radius calculator 24g. 

[0060] As shown in FIG. 3, based on the positional data of a mid-node Pn-1 , n input from the mid point calculator 24e 
and the positional data of a mid-point same distance node Pn, n+1 calculated by the mid point same distance point cal- 
culator 24f, the radius calculator 24g determines as the central position "On" of the emerging curve on the road the posi- 
55 tion of the crossing point of a line that crosses the shorter straight line (here, Pn-1 Pn) at right angle with each other at 
the mid-node Pn-1, n and a line that crosses the longer straight line (here, Pn Pn+1) at right angle with each other at 
the mid-point same distance node Pn, n+1. Then, based on the determined central position "Of , the radius calculator 
24g calculates the radius of curvature Rn of the curve. The calculation results are output to the correction section 24h. 
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[0061 ] In other words: 



On = Pn-i,n + Pn-1,nOn 

= (Xn-1 , n , Yn-1 , n) + M • (Yn-1 . Xn-1 - Xn) < 12 ) 
On = Pn, n+1 + p n , n+1 On 

= (Xn. n+1. Yn, n+1) + N • (Yn+1 - Yn. Xn - Xn+1) < 13 > 



[0062] Therefore. 

w 



(14) 
(15) 



40 



45 



50 



55 



Xn-1. n + M • (Yn - Yn-1) = Xn, n+1 + N • (Yn+1 - Yn) 
Yn-1. n + M • (Xn-1 - Xn) = Yn, n+1 + N • (Xn - Xn+1) 
rs [0063] Elimination of M from both expressions (14) and (15) can obtain N as follows: 

!xn TV '^t * (Xn " 1 ' n " Xa n+1> + (Yn " 1 - Y ") * (Yn-1 , n - Yn. n+1))/ 

(Xn-1 • Yn+1 - Xn+1 . Yn-1 - Xn-1 - Yn+Xn Yn-1 - Xn . Yn+1 + Xn+1 • Yn) ( 16 > 

20 

[0064] The position "On" of curve center is: 

On = (Xon. Yon) = (Xn. n+1 + N • Yn+1 - N - Yn. Yn. n+1 + N • Xn -N • Xn+1) (17) 
* [0065] Therefore, the radius of curvature Rn is obtained from the following expression (18): 

Rn = ((Xn - Xn-1) . (Yn+1 - Yn) - (Xn+ - Xn) • (Yn - Yn-1)) / 
|((Xn-Xn-1) - (Yn+l-Yn)-(Xn+1-Xn) . (Yn - Yn-1)), • ((Xon - Xn-1. n) 2 + (Yon - Yn-1. n) 2 ) - (18) 

«: s :sr n r: cun — Rn * — a ■* *«. an d *. ca Se w he n *. „*. <* 

Lon = ((Xon - Xn) 2 + (Yo n - Yn) 2 ) 1/2 

(19) 

Sca£to^^^ ^tween the radius of curvature Rn obtained bv the 

ence Dein exceeds a given ent vaT ue £££ SEE^T^ 0 " * " COnd n0de Pn - When the d ^" 
ture Rn so that the difference Deln be J^J£?1£^ ^ ^ ""^ "» radiuS ° f 

for storage and subsequent proce sslwH«i ^ "I 56 * Va,ue - m out P ut to the <**» reduction section 25 

of the representative nod e^tf 25£^S22T^ ** "* n °* ' nC,UdeS the P ° sition Y "> 
curve angles 9n obtained from the ^£ZS%2SfiZJSS p !"£ ^ * CUrvature Rn 

point Lsn (the intersection point of the line Pn i Pn ^l *2 " Pn+1 ; me d,stance between «"* curve starting 
) and the node Pn-1 : and me d££ S ^om £E SSSISS? ^ ^ ^ ° n ,0 ' ine Pn " 1Pn 
[0070] The error set value depends on road w^ c ^ES V"? r f resent **™ "«*e of the curve, 
section 24d, thereby being ^ 

tance. hereinafter referred to as a node interval ^on^T * ** accordance wi * *• Sorter line dis- 
radius of the curvature R„ " ^ means »*»• «» 1*r the actual road width, th. ^ £ 
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[0073] Therefore, as with the node interval correction factor a, the shorter the shorter line distance, the larger the 
node interval correction factor a, thus increasing the error set value to eliminate the chance for correction. For example, 
when the shorter line distance is shorter than 20m, a = 1. 2, and when the shorter line distance is shorter than 100m, 
a is taken as 0. 6, and when the shorter line distance is longer than 100m, a is taken as 0. 3. 
5 [0074] FIG. 4 shows a detailed correction to be made by the correction section 24h. The vector from Pn-1 to Pn is 
denoted as B1 ve (ve meaning a vector), and the vector from P2 to P3 is denoted as B2ve. 

B1 ve = (Xn - Xn-1. Yn - Yn-1) = (Xb1 , Yb1), B2ve = (Xn+1 - Xn, Yn+1 - Yn) = (Xb2, Yb2) 

10 [0075] An angle formed by B1ve and B2ve is as follows: 

cos On = (Xb1 • Xb2 + Yb1 + Yb2)/(|B1 ve| • |B2ve|) 

[0076] The error (ratio) Pdeln between Lon and Rn is as follows: 



75 



Pde In = Rn/Lon (20) 
=cos(6n / 2) = ((cos On + 1) / 2) 1/2 

20 [0077] Therefore, the difference Deln is as follows : 

Deln = Lon - 1 Rn | = Lon • (1-Pbe in) (21) 
=Lon- (1-(cos 6n+1)/2) 1/2 ) 

25 

[0078] In this connection, when the difference Deln is larger than the error set value ( a • D), correction is made so 
that Deln equals a • D for the radius of curvature Rn, 
[0079] In detail, 

30 Lon = Deln / (1 -((cos On + 1 )/2) 1/2 ) 

= a-D/(1-((cos6n+1)/2) 1/2 ) 

= a • D / (1 -((Xb1 • Xb1 • Xb2 + Yb1 - Yb2 + |B1 ve| • |B2ve|) - /(2 • |B1 ve| • |B2ve|)) 1/2 ) 

35 Rn = Lon • Pdeln = a • D/(1-((cos en + 1) / 2) 1/2 ) • ((cos en + 1) / 2) 1/2 (22) 

= a-D/((2 /(cos en +1)) l/2 -1) 

= a • D / ((2 • |B1 ve| • |B2ve| /(Xb1 • Xb2 + Yb1 • Yb2 + |B1 ve| • |B2ve|)) 1/2 -1) 

40 [0080] As described, since curve information is obtained from the curve geometry detector 24, the irregular nodes 
from the navigator 8 can be used as it is, thus resulting in simple calculation without data supplement or complex cal- 
culations, so that the radius of curvature of a road being traveled on can be determined quickly and accurately. 
[0081 ] Further, in this case, since the continuity between each curve detection node for determining the radius of cur- 
vature is natural or smooth, data accurately representative of an actual load geometry can be obtained. 

45 [0082] Furthermore, even if possible calculation errors appear, the calculated radius of curvature always becomes 
smaller than the actual radius of curvature, thereby preferable when setting off a proper warning in the warning / decel- 
eration control when approaching a curve. 

[0083] Provision of the correction section 24h for the radius of curvature can help an accurate calculation of the radius 
of curvature. Furthermore, the error set value which a variable in accordance with the actual road geometry and the 

so number of node can make calculations more accurate. In other words, since the wider road actually represents the 
larger radius of curvature, the wider the road width, the larger the error set value, thus eliminating the need or chance 
for correction. Furthermore, a shorter straight line distance results in fine setting of nodes, thus probably representing 
the road more accurately, so that the shorter the shorter line distance, the larger the error set value, thereby the more 
eliminating the chance for correction. 

55 [0084] The data reduction section 25 is provided to reduce data (belonging to every node) detected by the curve 
geometry detector 24 and sends the reduced data for further calculation, to the allowable lateral acceleration setting 
section 26, the referential allowable approaching speed setting section 27; the warning speed calculation/memory sec- 
tion 29; the deceleration speed calculation/memory section 30; the warning judgment output section 32; and the decel- 
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eration judgment output section 33, thus eliminating unnecessary calculations. 

[0085] In other words, in the event that a curve stored in the navigator 8 is represented by a few nodes, it sometimes 
happens that curve information calculated for some of the nodes becomes useless for the warming/deceleration con- 
trol. 

5 [0086] Therefore, considering the above situation, the data reduction section 25 assumes the following four cases to 
reduce the voluminous curve information only to really needed ones. 

[0087] CASE 1 — Sharp curve, but there is a marginal deceleration distance (= Rn-1 - Rn ) before reaching node Pn 
from node Pn-1 (FIG. 7 A) 

10 If | Rn-1 | > | Rn |, Rn-1 • Rn > O, and Ln > | Rn-1 | - 1 Rn |, 

then the curve information for the nodes Pn-1 and Pn is each necessary. Because there is a marginal distance for decel- 
eration before the vehicle reaches node Pn from node Pn-1, independent control may be necessary for both nodes. 
[0088] Considering that node Pn-1 and node Pn both represent the same curve, a total curve angle Osn at node Pn 
75 is considered to be equal to the sum of a total curve angle 0s (n-1) at node Pn-1 and 2 cos" 1 (Rn/Lon). Therefore, the 
total curve angle 6sn at node Pn = the total curve angle 0s (n-1) at node Pn-1 + 2 cos" 1 (Rn/Lon) . 
[0089] CASE 2 — A sharp curve, and there is no marginal deceleration distance (= Rn-1 - Rn ) before reaching node 
Pn from node Pn-1 (FIG. 7B) 

20 If | Rn-1 | > | Rn |, Rn-1 • Rn > 0 , and Ln < | Rn-1 | - 1 Rn |, 

then the curve information of node Pn-1 can be neglected. In other words, the execution of control for node Pn curve 
can absorb the execution of control for node Pn-1 curve, thus making the curve information of node Pn-1 useless (neg- 
ligible) , so that the total number of control executions to be made can be minimized. 
25 [0090] Considering that node Pn-1 and node Pn both represent the same curve, a total curve angle Osn at node Pn 
is considered to be equal to the sum of a total curve angle 9s(n-1) at node Pn-1 and 2 cos" 1 (Rn/Lon). Therefore, the 
total curve angle 6sn at node Pn = the total curve angle 0s(n-1) at node Pn-1 + 2 cos" 1 (Rn/Lon) . 
[0091] CASE 3 — Mild curve (FIG. 7C) 

30 If | Rn-1 | < | Rn |, Rn-1 • Rn > O, 

then the curve information of node Pn can be neglected. In other words, since the vehicle is sufficiently decelerated by 
the node Pn-1 , the curve information of the node Pn which represnts a milder curve than that of the node Pn-1 is use- 
less, thus being neglected. In this connection, in the case of long Ln, full acceleration (if node Pn-1 and node Pn both 

35 can be regarded as independent curves) may boost the vehicle speed a great deal before the vehicle reaches node Pn, 
so that the curve information for node Pn may be maintained depending on the magnitude of Ln. 
[0092] Considering that node Pn-1 and node Pn both represent the same curve, a total curve angle Osn at node Pn 
is considered to be equal to the sum of a total curve angle 8s(n-1) at node Pn-1 and 2 cos" 1 (Rn/Lon). Therefore, the 
total curve angle Osn at node Pn = the total curve angle 0s(n-1) at node Pn-1 + 2 cos 1 (Rn/Lon) . 

40 [0093] In this connection, if the curves at node Pn-1 and node Pn are regarded as independent from each other, the 
curve angle On at the node Pn is not added, but a new addition calculation will be started (depending on the magnitude 
of Ln). 

[0094] CASE 4 — The turning directions of curves are changed from right to left or from left to right (FIG. 7D). 

45 If Rn-1 • Rn < 0, 

then, the curve information for node Pn is needed since turning direction is considered to be different when the vehicle 
runs from node Pn-1 to node Pn. 

[0095] The addition result of curve angles which continued up to node Pn-1 is defined as the total curve angle 0s(n- 
50 1) up to node Pn-1. 

[0096] Furthermore, node Pn can be a start point to calculate a total curve angle 0sn independent from the total curve 
angle 6s(n-1). 

The total curve angle esn at node Pn = 2 cos " 1 (Rn/Lon) 

55 

[0097] In this calculation, the reason why the deceleration distance is defined as the difference between the radius of 

curvature Rn and the radius of curvature Rn-1 is as follows: 

[0098] Theoretically the deceleration distance is expressed as follows: 
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Deceleration distance = (Vp(n-1) 2 - Vpn 2 ) / (2 • a) 
= (Rn-1 ayl(n-1) - Rn ayln) / (2 • a) 
= (Rn-1 - Rn) • ayl/(2 • a) 

where 



Vpn = reference allowable approaching speed at node Pn 

a = deceleration 

10 ayln = allowable lateral acceleration 

[0099] When the deceleration a is assumed to be 1 / 2 ayl, then 



Deceleration distance = Rn-1 - Rn 

15 

[0100] FIGS. 8, 9 and 10 show an example where the foregoing four cases are applied to actual running : When a 
vehicle run from P1 to P15 on such a road as shown in FIG. 8, FIGS. 9 and 1 0 show the results of the curve information 
calculated. The radii of curvature of the curves P1 to P15 were obtained by the curve geometry detector 24 as shown 
in FIG. 9. FIG. 1 0 is a table showing the results which the data reduction section 25 calculated based on the curve infor- 
20 mation for each node. 

[0101] In this example, the case 2 is applied to the route P1 to P2, the case 3 is applied to the route P2 to P3 and to 
the route P3 to P4, and therefore, nodes P1 , P3 and P4 are neglected. As the result, nodes P1 . P2, P3 and P4 are rep- 
resented by node P2. 

[0102]. The case 1 is applied to the route P4 to P5, thus necessitating node P4. But,- when the vehicle. was running 
25 from P3 to P4, P4 has been judged unnecessary, so that node P4 is neglected (or eliminated from this calculation). The 
case 3 is applied to the route P5 to P6, and node P6 is eliminated (or represented by node P5). 
[0103] The case 4 is applied to the route P6 to P7 because of turning direction change, thus judging that node P7 is 
necessary. But, the case 2 is applied to the route P7 to P8, resulting in a judgment that node P7 is unnecessary, so that 
node P7 is eliminated. The case 3 is applied to the route P8 to P9, and P9 is neglected (or represented by node P8). 
30 [0104] The case 4 is applied to the route P9 to P10 because of turning direction change, thus judging that node P10 
is necessary. But, the case 2 is applied to the route P10 to P11, resulting in a judgment that node P10 is unnecessary, 
so that node P10 is eliminated. The case 3 is applied to the route P11 to P12, and node P12 is neglected (or repre- 
sented by node P11). 

[0105] The case 4 is applied to the route P12 to P13 because of turning direction change, thus judging that node PI 3 
35 is necessary. But, the case 2 is applied to the route P13 to P14, resulting in a judgment that node P13 is unnecessary, 
so that node P13 is eliminated. The case 3 is applied to the route P14 to P15, and node P15 is neglected (or repre- 
sented by node P14). 

[0106] As the results of the data reduction, the total fifteen nodes are reduced to necessary five nodes, thus resulting 
in a substantial reduction of calculation and memory volume, as well as a speedy processing. 
40 [0107] As described above, the curve detection means according to the embodiment comprises the navigator 8, the 
road geometry detector 9, the curve geometry detector 24 and the data reduction section 25. 

[01 08] The allowable lateral acceleration setting section 26 comprises a reference value setting section 26a, a vehicle 
speed correction section 26b, a curve angle correction section 26c, and a road slope correction section 26d. The refer- 
ence value setting section 26a calculates a reference value ay!1 n of an allowable lateral acceleration ayln in accordance 

45 with the road surface friction coefficient \i. The vehicle speed corrected section 26b corrects the reference value ayll n 
to a corrected value ayl2n in accordance with the vehicle speed V. The curve angle correction section 26c corrects the 
corrected value ayl2n to a corrected value ay!3n in accordance with the total curve angle esn and the direction of the 
curve to which node Pn belongs. The road slope correction section 26d corrects the corrected value ayl3n in accord- 
ance with the road slope SL, to obtain the allowable lateral acceleration ayln. 

so [0109] To sum up, the allowable lateral acceleration setting section 26 is constituted as allowable lateral acceleration 
setting means, and the set allowable lateral acceleration ayln is output to the reference allowable approaching speed 
setting section 27. 

[0110] Trie reference value aylln is calculated at the reference value setting section 26a using, e.g., the following 
expression (23): 

55 

aylln = road surface friction coefficient \i at curve • safety factor Ku • gravitational acceleration g (23) 
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where the road surface friction coefficient p at curve is assumed to be equal to the surface friction coefficient ji of the 
road on which the vehicle is now running, so that the estimated value of the road surface friction coefficient estimation 
section 22 is used as it is. The safety factor Ku is taken as 0.5 to 1.0 taking into consideration the estimation accuracy 
of the road surface friction coefficient n and the vehicle characteristics (e.g., generation of lateral acceleration of 0. 5G 
5 is impossible when the road surface friction coefficient ji is 0.5). 

[0111] The corrected value ay!2n is calculated by the vehicle speed correction section 26b using e.g., the following 
expression (24): 

ayl2n = reference value aylln • vehicle speed correction factor Kv (24) 

10 

where, as shown in FIG. 11 A, the vehicle speed correction factor Kv is taken so that the higher the vehicle speed, the 
smaller the value. In other words, to enhance the driving safety at a high speed running, the allowable lateral accelera- 
tion at a curve is so corrected to be reduced as the vehicle speed becomes faster. The corrected value ay!3n is calcu- 
lated by the curve angle correction section 26c using e.g., the following expression (25): 

15 

ayl3n = corrected value ayl2n • curve angle correction factor Ke (25) 

where, as shown in FIG. 1 1 B, the curve angle correction factor Ke is taken so that the larger the total curve angle 9sn, 
the smaller the value. In other words, taking a high criticality in the case of a large Osn into consideration, the allowable 
20 lateral acceleration is corrected to be reduced as the total curve angle esn increases. Furthermore, the curve angle cor- 
rection factor Ke is determined depending on the direction (left or right) of curve turning. This means (when driving on 
the left side of the road) that the right turns allow not only a good forward view, but also a large radius of turning, so that 
the curve angle correction factor Ke for right turns is determined to be larger. 

[01 1 2] The road slope correction section 26d makes the final correction to be made at the allowable lateral accelera- 
25 tion setting section 26. The allowable lateral acceleration obtained thereby is calculated using e.g.: 

ayln = (ay!3n 2 - (g • sin (SU 1 00)) 2 ) 1/2 = (ay!3n 2 - (g - (SLV 1 00)) 2 ) 1/2 (26) 

30 where the road slope SL in the above expression (26) is the value obtained by the road slope estimation section 23 
using expression (10) or (1 1). 

[0113] The lateral force to tire becomes maximum when the longitudinal force to tire is zero. When this happens, the 
vehicle speed is being decelerated with the upward slope so as to have margin, while the vehicle is being accelerated 
on a downward slope, thus increasing criticality. Therefore, on a downward slope, assuming that the combination of the 
35 longitudinal force and the lateral force which can be generated by the tire is constant as a frictional circle, an allowable 
lateral acceleration ayln less a brake force for traveling the slope at a constant speed is set. 

[0114] The reference allowable approaching speed setting section 27 is a means for setting a reference allowable 
approaching speed Vpn based on the radius of curvature Rn of curve given by the data reduction section 25 and the 
allowable lateral acceleration ayln given by the allowable lateral acceleration setting section 26. Each reference aliow- 
40 able approaching speed Vpn which has been set is output to the warning speed calculation/memory section 29 and the 
deceleration speed calculation/memory section 30. 

[01 1 5] The reference allowable approaching speed Vpn to be set by the reference allowable approaching speed set- 
ting section 27 is calculated using the following expression (27): 

45 Vpn = (ayln • Rn) 1/2 (27) 

[0116] The allowable deceleration setting section 28 comprises a reference value setting section 28a and an allowa- 
ble deceleration correction section 28b to constitute a means for setting a deceleration (allowable deceleration XgLim) 
which is allowed for a vehicle in accordance with the road conditions including the road surface friction coefficient u. and 
so the road slope SL The allowable deceleration XgLim to be set by the allowable deceleration setting section 28 is output 
to the warning speed calculation/memory section 29, the deceleration speed calculation/memory section 30, the warn- 
ing judgment output section 32, the deceleration judgment output section 33 and the selection section 34. 
[01 1 7] The reference value setting section 28a sets a reference value XgLimO based on the present road surface fric- 
tion coefficient \x estimated by the road surface friction coefficient estimation section 22. using the following method: 

55 

XgLimO = p. • g • Ku2 (28) 
or XgLimO = axe (constant value for unexcessive deceleration), 



12 



noniQixjAi i -> 



EP0 901 929 A1 



and one which is smaller is selected. 
[0118] Here, taking the road surface utilization factor under full braking into consideration, the coefficient Kp2 is 
selected as 0.8 or so. The constant axe is previously set by experiment or theoretical calculation, e.g., 5m/s 2 or so. 
[0119] The allowable deceleration correction section 28b determines an allowable deceleration XgLim, using the fol- 
5 lowing expression (29): According to this, the allowable deceleration is corrected to be larger taking account of decel- 
eration due to gravity on a climbing slope, thereby to delay warning/deceleration control. Moreover, the allowable 
deceleration is corrected to be smaller taking account of acceleration due to corrected to be smaller taking account of 
acceleration due to gravity on a down slope, so as to advance the warning/deceleration control. 

10 XgLim = XgUmO + g • SL/100 (29) 

[0120] The warning speed calculation / memory section 29 is a means for calculating a reference allowable approach- 
ing speed as warning speed VA for warning control based on the allowable deceleration XgLim to be set by the allow- 
able deceleration setting section 28; the reference allowable approaching speed Vpn to be set by the reference 
15 allowable approaching speed setting section 27; and the distance Ls between node Pn-1 and node Pn stored at the 
data reduction section 25. As shown in the table (FIG. 1 2), each warning speed VA calculated by the warning speed 
calculation/memory section 29 is stored together with a deceleration speed VB (to be described later), and the stored 
warning speed VA is fetched to the warning judgment output section 32 as required. 

[0121] The warning speed calculation/memory section 29 regards 50% of the attainable deceleration SgLim as a 
20 threshold for warning. 

[0122] A warning speed VA12 at the reference node PI for a next node P2 (distance L2 ahead) is obtained in accord- 
ance with a passable speed (= reference allowable approaching speed Vp2) at node P2 as follows: 

VA12 = Vp2 2 +2(0.5 • XgUm) • L2) 1/2 

25 

[0123] Similarly, a warning speed VA13at the reference node P1 for a farther node P3 (distance L2 + L3 ahead) is 
obtained in accordance with a passable speed (= reference allowable approaching speed Vp3) at node P3 as follows: 

VA13 = (Vp32 + 2 - (0.5 • XgLim) • (L2 + L3)) 1/2 

30 

[0124] Generally, the relationship between a warning speed VAap at the reference node Pa for a forward node Pp 
(distance L(a+1) + ... +l_p ahead) and a passable speed (= reference allowable approaching speed Vpp) at the node Pp 
is given by the following expression (30): 

35 VAap = (VPp 2 +2 • (0.5 • XgLim) • (L(a+1 )+... + Lp)) 1/2 (30) 

[0125] The deceleration speed calculation/memory section 30 is a means for calculating an allowable approaching 
speed to be a criterion for deceleration control (as deceleration speed VB) based on the allowable deceleration XgLim 
set by the allowable deceleration setting section 28; the reference allowable approaching speed Vpn set by the refer- 

40 ence allowable approaching speed setting section 27; and the Pn-1 to Pn distance Ln stored in the data reduction sec- 
tion 25. As shown in the table in FIG. 12, the deceleration speed VB calculated by the deceleration speed 
calculation/memory seciton 30 is stored together with the warning speed VA calculated by the warning speed calcula- 
tion/memory section 29, and the stored data are fetched to the deceleration judgment output section 33 as required. 
[0126] The deceleration speed calculation/memory section 30 regards 80% of the allowable deceleration SgLim as a 

45 threshold for enforced deceleration. 

[0127] The judgment speed for enforced deceleration (speed VB12) at the reference node P1 for a next node P2 (P2 
to P1 distance L2) is obtianed depending on the passable speed at the node P2 (= reference allowable approaching 
speed Vp2) as follows: 

so VB12 = (Vp2 2 + 2 • (0.8 • XgLim) • L2) 1/2 

[0128] Similarly, the judgment speed for enforced deceleration (speed VB13) at the reference node P1 for a farther 
node P3 (P3 to P1 distance L2 + L3) is obtained according to the passable speed at the node P3 (= reference allowable 
approaching speed Vp3) as follows: 

55 

VB13 = (Vp3 2 + 2 • (0.8 • XgLim) • (L2 + L3)) 1/2 
[0129] Generally, the relationship between the judgment speed for enforced deceleration (deceleration speed VBaP) 
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at the reference node Pa for a forward node Pp (Pp to Pa distance L(a + 1) + ... +Lp) and the passable speed at the 
node Pp (= reference allowable approaching speed Vpp) is given by the following expression (31): 

VBap = (VPp 2 +2 • (0.8 • XgLim) • (L(a+1)+ ... +Lp)) 1/2 (31) 

5 

[0130] FIG. 13 is an illustration showing the relationship between the warning speed to be stored in the table shown 
in FIG. 12 and the deceleration speed. For example, comparison of respective warning speeds plotted on the vertical 
line at P1 shows that Vp1 < VA12 < VA13 < (VA14 is eliminated) < VA15. This means that a warming speed force farther 
node is set larger because of more marginal distance from the reference node P1. 
io [0131] In the table shown in FIG. 12, considering the moment when the vehicle is passing the node P1, data 
(VA1(n+1) / VB1(n+1) ~ Vp1 ) or the top row at the table becomes unnecessary, thus being eliminated from the mem- 
ory or table. 

[0132] Similarly when node Pn+1 enters the calculation region, calculated data (VA1(n+1) / VB1(n+1) ~ Vp(n+1)) 
for the node Pn+1 is added to the leftmost side of the table. If information of node Pn+1 has been reduced and elimi- 
15 nated, this calculation becomes unnecessary. 

[0133] For example, in the case where the data reduction section 25 has already eliminated the data of the node P2, 
the data (VA12 / VB12 ~ Vp2 ) for the node P2 in the table is also eliminated. Accordingly, when approaching to node 
P2, the vehicle makes no control at Vp2, but makes warning control at VA23 and deceleration control at VB23. 
[0134] As described, since the warning speed VA and the deceleration speed VB calculated based on the allowable 
20 deceleration XgLim, the reference allowable approaching speed Vpn and the distance Ln, take into account the road 
surface friction coefficient p. and the road slope SL, a practical control with high reliability and stability can be carried 
out in accordance with the actual road surface friction coefficient \i and the road slope SL When the actual road surface 
friction coefficient n and the road slope SL are changed, new values for the allowable deceleration XgLim, allowable lat- 
eral acceleration ayln, reference allowable approaching speed Vpn, warning speed VA, and speed VB are reset, so as 
25 to make an optimum control corresponding to these new data. 

[01 35] For control execution and judgment, signals from the turn signal switch 7 and steering angle sensor 3 and sig- 
nal from the vehicle speed change calculator 21 are input to the control execution determination section 31 . Aided with 
the signals, the control execution determination section 31 judges the release (OFF) of warning control, the release 
(OFF) of warning/deceleration control and a switch from deceleration control to warning control, so as to output the 
30 judgment results to the warning judgment output section 32 and the deceleration judgment output section 33. 

[0136] For instance, there may be such a case that a main road now running has a curve ahead, but before reaching 
the curve, the vehicle is getting off the main road to a minor road which extends almost straight from the main road but 
is missing in the navigator 8. In that situation, warning control or deceleration control if happens, is annoying for the 
driver. To avoid it, according to the invention, the warning control :and/or deceleration control is prohibited when the 
35 driver operates the turning signal .switch 7. Furthermore, it can be predicted that the driver makes unusual driving : 
including sporty driving when the steering angle from the steering angle sensor 3 becomes larger than a predetermined 
amount. According to the invention, in that case, the warning control and/or deceleration control is prohibited. Further- 
more, if an actual deceleration or vehicle speed change calculated by the vehicle speed change calculator 21 is larger 
than the threshold deceleration (0.5 - =XgLim) for warning, it is regarded that the driver is well reacting to a curve 
40 ahead and therefore warning is not necessary. According to the invention, in that case, at least the warning control is 
prohibited. Furthermore, if an actual deceleration or vehicle speed change calculated by the vehicle speed change cal- 
culator 21 is larger than the threshold deceleration (0.8 : XgLim) for deceleration control, it is regarded that the driver is 
well reacting to a curve ahead and therefore enforced deceleration is not necessary. According to the invention, in that 
case, at least the deceleration control is prohibited. 
45 [01 37] The warning judgment output section 32 can read the distance L1 between the present vehicle position P0 and 
the closest node P1 from the data reduction section 25; the allowable deceleration XgUm from the allowable decelera- 
tion setting section 28; each warning speed VA1 p (VA1(n+1) ~ Vp1) at node P1 from the warning speed calcula- 
tion/memory section 29; and the vehicle speed V from the vehicle speed sensor 5. 

[0138] Receiving the distance L1 and the allowable deceleration XgLim, the warning judgment output section 32 can 
so transform the respective warning speeds VA1p (VA1(n+1) ~ Vp1) into warning speeds estimated warning speeds 
VAP at the present vehicle position P0, and can output a signal to the warning device 10 so as to make warning control 
when the vehicle speed has exceeded the estimated warning speeds VAP The actual execution of the warning control 
can be prohibited by a command signal from the control execution judgment section 31. 

[01 39] Estimated warning speeds VAP from the warning judgment output section 32 are calculated as follows: Based 
55 on the foregoing expression (30), the relationship between warning speed VA (=VA0p =VAP) at the present vehicle 
position P0 for a forward node Pp (distance from Pp to P0 = L1 +L2 + ... +Lp) and the reference allowable approach- 
ing speed VPp is as follows: 
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VAP = (VPp 2 +2 • (0.5 • XgLim) • (L1 + L2 + ... +Lp)) 



[0140] And, similarly, the relationship between warning speed VA (=VA1f3) at the reference node P1 for a forward 
5 node P for a forward node Pp (distance from Pp to P1 = L2 + ... +Lp ) and the reference allowable approaching speed 
VPp is as follows: 

VA1p = (VPp2 + 2 • (0.5 • XgLim) • (L2+ ... + Lp)) 1/2 

w so that from these two expressions, the following expression (32) can be obtained: 

VAP = (VAip 2 +2 • (0.5 • XgLim)) • L1) 1/2 (32) 

[0141] The deceleration judgment output section 33 can read the distance L1 between the present vehicle position 
15 P0 to node P1 from the data reduction section 25; the allowable deceleration XgLim from the allowable deceleration set- 
ting section 28; deceleration speeds VB1p (VB1(n+1) ~ Vp1) at node P1 from the deceleration speed calcula- 
tion/memory section 30; and the vehicle speed V from the vehicle speed sensor 5. 

[0142] Based on the distance L1 and the allowable deceleration XgLim, the deceleration judgment output section 33 
transforms the respective deceleration speeds VB1 p (VB1 (n+1) ~ Vp1) at node P1 into deceleration speeds (esti- 

20 mated deceleration speeds VBP) at the present vehicle position P0. Then, the deceleration judgment output section 33 
compares the estimated deceleration speeds VBP and the vehicle speed, to output a deceleration control command 
signal to the selection section 34 when the present vehicle speed is faster than the estimated deceleration speeds VBP. 
The execution of deceleration control can be prohibited by a command signal from the control execution judgment sec- 
tion.31. Furthermore, under deceleration control, the deceleration judgment output section 33 outputs a command sig- 

25 nal to set off warnings to the effect (turn-on of lamps, voice generation) from the warning device 10. 

[0143] The estimated deceleration speed VBP output from the deceleration judgment output section 33 is calculated 
as follows: 

[0144] From the foregoing expression (31), the deceleration speed VB (= VBOp =VBP) at the present vehicle position 
PO for a forward node Pp distance between PO and Pp = L1 + L2 + ... + Lp) and the reference allowable approaching 
30 speed VPp is as follows: 

VBP = VPp^ + 2 • (0.8 • XgLim) • (L1 + L2 + ... + Lp)) 



35 [0145] The deceleration speed VB(=VBip) at the reference node P1 for a forward node Pp 

(distance between P1 and Pp = L2 + ... + Lp ) and the reference allowable approaching speed VPp is as follows: 

VB1 p = (VPp2 + 2 • (0.8 • XgUm) • (L2 + ... + Lp)) 1/2 

40 

[0146] Therefore, from the above two expressions, the following expression (33) is obtained: 

VBP = (VB1p 2 +2 • (0.8 • XgUm) • L1) 1/2 (33) 

45 [0147] The selection section 34 receives an allowable deceleration XgLim from the allowable deceleration setting sec- 
tion 28 and a command signal of execution (ON) or release (OFF) of deceleration control from the deceleration judg- 
ment output section 33. Receiving the command signal of execution of deceleration control, based on the received 
allowable deceleration XgLim, the selection section 34 selects one of the following control sequences: 

so 1 . Supercharging pressure down and fuel cut by engine controller 12 

2. Supercharging pressure down, fuel cut and throttle closing by engine controller 12 

3. Supercharging pressure down, fuel cut and throttle closing by engine controller 12 and shift down by transmis- 
sion controller 1 T 

4. Supercharging pressure down, fuel cut and throttle closing by engine controller 12, shift down by transmission 
55 controller 1 1 and braking by brake controller 13 

[0148] As described, according to the embodiment of the present invention, the judgment output means comprises 
the warning judgment output section 32, the deceleration judgment output section 33 and the selection section 34. 
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[0149] In this connection, the warning judgment output section 32 transforms the respective warning speeds 
VAip (VA1(n+1) ~ Vpl) at node PI into warning speeds (estimated warning speeds VAP) at the present vehicle posi- 
tion PO, and then compares the estimated warning speeds VAP with the present vehicle speed V for judging warning 
control. Alternatively, warning control may be judged as follows: Estimated is a vehicle speed VAP at the nearest for- 
5 ward node P1 after decelerating in accordance with warning deceleration (0. 5 • Xglim) from the present vehicle posi- 
tion PO. Then, comparison is made between the estimated speed VAP* and the respective warning speeds 
VAip (VA1(n+1) ~ Vp1) at node P1. The estimated speed VAP for this case is expressed as follows: 

VAP*=(V 2 -2 • (0.5 • XgLim) • L1) 1/2 

10 

[0150] Similarly, the deceleration judgment output section 33 transforms the respective deceleration speeds 
VB1 p (VB1(n+1) - Vpi) at node P1 into deceleration speeds (estimated deceleration speed VBP) at the present vehi- 
cle position PO, and then compares the estimated deceleration speeds VBP with the present vehicle speed V for judging 
deceleration control. Alternatively, deceleration control may be judged as follows: Estimated is a vehicle speed VBP at 
is the nearest forward node P1 after decelerating in accordance with a deceleration (for deceleration purpose) (0. 8 • 
Xglim) from the present vehicle position P0. Then, comparison is made between the estimated speed VBP' and the 
respective deceleration speeds VB1 p (VB1(n+1) ~ Vpl) at node P1. The estimated speed VBP' for this case is 
expressed as follows: 

20 VBP' = (V 2 -2 • (0.8 • XgLim) • L1) 1/2 

[0151] Now, the operation of the foregoing configuration of the vehicle maneuvering control device according to the 
invention will be described, referring to flow charts of the warning/deceleration control shown in FIGS. 14 and 15: 
[0152] This program is executed for every given interval of time. First, step (hereinafter abbreviated as "S") 101 reads 

25 the road surface friction coefficient u estimated by the road surface friction coefficient estimation section 22 based on 
the vehicle speed V, steering angle Sf and yaw rate y, to calculate a change rate A\i, and reads the road slope SL cal- 
culated by the road slope estimation section 23 based on the longitudinal acceleration from the longitudinal acceleration 
sensor 6 and on the vehicle speed change rate for every set time calculated by the vehicle speed change calculator 21 , 
to calculate a change rate ASL 

30 [0153] Then at S102, the change rates A\i and ASL are compared with given values set for them. When at least one 
of them is larger than the given value, that is, when either one has largely changed, it goes to S103 for recalculation, 
where every calculation data and memory (allowable deceleration XgLim, allowable lateral acceleration ayln, reference 
allowable approaching speed Vpn, warning speed VA, deceleration speed VB and so on) are cleared. Then, it goes to 
SI 04. 

35 [0154] SI 04 reads the present vehicle position P0 from the navigator 8. Then, at S105, new node data ahead of the 
vehicle, for which allowable deceleration XgLim, allowable lateral acceleration ayln, reference allowable approaching 
speed Vpn, warning speed VA, and deceleration speed VB have not been calculated yet, are read from the navigator 8 
or the memory (in case when the calculation data used have been once cleared on the processor. 
[0155] Then, it goes to Si 06. When new node data are read from the navigator 8, based on the new node, the curve 

40 geometry detector 24 calculates and corrects the curve information, and the data reduction section 25 reduces the 
data. Otherwise, when the new node date are read from the memory, ihe previously calculated curve information in the 
memory are used. 

[0156] Then, at S107, the reference value setting section 26a in the allowable lateral acceleration setting section 26 
calculates a reference value atlin for the allowable lateral acceleration ayln in accordance with the road surface friction 

45 coefficient u; the vehicle speed correction section 26b corrects (to a corrected value ay!2n) the reference value ay!1 n in 
accordance with the vehicle speed V; the curve angle correction section 26c corrects (to a corrected value ayl3n) the 
corrected value ay!2n in accordance with the total curve angle Osn and the turning direction of the curve to which node 
Pn belongs; and the road slope correction section 26d corrects the corrected value ay!3n in accordance with the road 
slope SL so as to determine the final allowable lateral acceleration ayln. 

so [0157] Then, at S108, the reference allowable approaching speed setting section 27 sets the reference allowable 
approaching speed Vpn based on the the radius of curvature Rn of the curve given from the data reduction section 25 
and the allowable lateral acceleration ayln given from the allowable lateral acceleration setting section 26. 
[0158] Further, at S109, the allowable deceleration setting section 28 sets a reference value XgLimO based on the 
road surface friction coefficient ji in the reference value setting section 28a, and adds a correction value based on the 

55 road slope SL to the set reference value XgLimO to obtain an allowable deceleration XgLim. 

[01 59] At S1 1 0, the warning speed calculation/memory section 29 calculates and stores a warning speed VA, based 
on the allowable deceleration XgLim set by the allowable deceleration speed setting section 28; the reference allowable 
approaching speed Vpn set by the reference allowable approaching speed setting section 27; and each distance Ln 
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between adjacent nodes Pn-1 and Pn stored in the data reduction section 25. 

[0160] Furthermore, the deceleration speed calculation /memory section 30 calculates and stores a deceleration 
speed VB, based on the allowable deceleration XgLim set by the allowable deceleration speed setting section 28; the 
reference allowable approaching speed Vpn set by the reference allowable approaching speed setting section 27; and 

s each distance Ln between adjacent nodes Pn-1 and Pn stored in the data reduction section 25. 

[0161] Then, at S1 1 1, it is judged whether the distance between the present vehicle point PO and the foregoing new 
node is within a forward control range (V 2 /(p. • g) defined to be, e.g., twice the stop distance under u. • g deceleration 
as a curve detection range). In the case where it is within the forward control range, it returns to S105. to repeat the 
foregoing procedure from S105 to S111, that is, to further detect a new node for calculation. In the case where it 

io exceeds the forward control range (that is, all necessary data within the forward control range are acquired), it goes to 
S1 1 2 for further control processing. 

[0162] At S102, if the change rate Aji or ASL or both of them are smaller than the set values, that is, the road surface 
friction coefficient jj or the road slope SL is considered to be constant, the data so far stored is used as it is, so that new 
data is added to the present data. Therefore, proceeding to S113, the present node P0 is read from the navigator 8. 
15 Then, S11 4 judges whether the distance between the present node P0 and the last read node is within the forward con- 
trol range. 

[0163] When S1 14 judges the distance to be within the forward control range, it returns to S105 to follow the above- 
described procedure from S105 to S1 1 1. Otherwise, when S1 14 judges the distance to be over the forward control 
range, it goes directly to S1 12 to make control based on the data already or presently stored. 
20 [0164] Step S1 1 2 judges whether the turning signal switch 7 has been activated. When YES, it goes to S1 1 5 to pro- 
hibit (OFF) deceleration control, and then goes S1 16 to prohibit (OFF) warning control. In other words, when the driver 
has already activated the turning signal switch 7, presupposing that the driver is getting off the road now running and 
entering a road not described on the map information of the navigator 8, the presently operated warning / deceleration 
control -is prohibited. 

25 [0165] On the other hand, when NO at S1 1 2, it goes to S1 1 7, where it is judged whether or not the steering amount 
made by the driver is larger than a preset value based on a signal from the steering angle sensor 3. 
[0166] When YES, proceeding to S1 15, deceleration control is prohibited and then proceeding to S1 1 6, warning con- 
trol prohibited. 

[0167] In other words, presupposing that the driver is making unusual driving, warning / deceleration control is pro- 
30 hibited (OFF). 

[0168] Otherwise, when NO, that is, the turning signal switch has been turned OFF and steering angle is small, pro- 
ceeding to S1 18, the deceleration judgment output section 33 estimates an estimated deceleration speed VBP at the 
present node P0 based on each data (each deceleration speed VB1 p (VB1(n+1) ~ Vpl) calculated with reference to 
node PI. 

35 [0169] Then, at S1 19, the vehicle speed V is compared with the estimated deceleration speed VBR If the vehicle 
speed V is over either one of the foregoing estimated deceleration speeds VBP (V i= VBP), it goes to S120. 
[0170] S120 judges whether the driver has already been made deceleration over the threshold deceleration (0. 8 • 
XgLim) based on a signal from the vehicle speed change calculator 21 . 

[0171] When NO, that is, S120 judges deceleration to be needed, it goes to S121 to execute (ON) deceleration con- 
40 trol, and then goes to S129. 

[0172] Otherwise, when YES, that is, S120 judges deceleration to be not needed, it goes to S122 to clear (OFF) decel- 
eration control, and then goes to S123 to execute (ON) warning control (that is, switching deceleration control over to 
warning control). 

[0173] On the other hand, If the foregoing comparison made at S1 19 shows the vehicle speed V becomes lower than 
45 all estimated deceleration speeds VBP (V > or = VBP) , it goes to S124 to clear (OFF) deceleration control. Then, pro- 
ceeding to S125, the warning judgment output section 32 estimates the estimated warning speed VAP at the present 
node P0 based on each data (warning speeds VA1 p (VA1 (n+1) ~ Vp1) ) calculated with reference to node P1 . 
[0174] At S126, comparison is made between vehicle speed V and each of the estimated warning speeds VAR If the 
vehicle speed V exceeds either one of the estimated warning speeds VAP, it goes to SI 27. 
so [0175] S127 judges whether, receiving a signal from the vehicle speed change calculator 21 , the driver has already 
made deceleration over the threshold deceleration (0. 5 • XgLim). 

[0176] When NO, that is, S127 judges warning to be needed, it goes to S123 to execute (ON) warning control, and 
then goes to S129. 

[0177] When YES, that is, S127 judges the driver has already made proper response, thus eliminating the need for 
55 warning, it goes to S128 to release (OFF) warning control, and then to S129. - 

[0178] As descried above, the warning control execution (ON) to be made at S1 23 is accomplished by such a warning 
device as chime, buzzer, voice warning generator, warning light or their combination. The warning control to be per- 
formed through S127 is accomplished only by voice warning e.g., "Decelerate for curve", or chime or buzzer sound 
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warning. The warning control to be performed through S122 is accomplished only by, for example, chime or buzzer 
sound warning. 

[0179] In the case of the deceleration control execution (ON) at S121 , not only such a voice warning as "Decelerate 
for curve", buzzer set-off and lighting of warning lamps are made, but also a deceleration control will be made by the 
5 selection section 34 (to be described later). 

[0180] The judgment processing at steps S112, S1 17, S120 and S127 is made by the control execution judgment 
section 31. 

[0181] When proceeding from either S1 16, S121, S123 or S128to S129, S129 compares the present vehicle position 
P0 with the node P1. When both positions are judged as essentially identical for traveling, proceeding to S130, stored 
10 node data are shifted (e.g., data stored for node P2 is shifted for to be data for node P1 , and data stored for node P3 is 
shifted to be data for node P2) , and then the program is terminated. 

[0182] On the other hand, at S129, when the present vehicle position P0 does not reach the position of node P1 , the 
program is terminated without shifting the node data. 

[0183] FIG. 16 is a flow chart showing the program of deceleration control which the selection section 34 carries out 
is when receiving a deceleration control execution signal from the deceleration judgment output device 33: 

[0184] The program starts when receiving the deceleration control execution signal. First, S201 sets a deceleration 
Dt which is the target of deceleration. This target deceleration Dt is set to 80% of the allowable deceleration XgLim set 
by the allowable deceleration setting section 28 (Dt = 0.8 • XgLim). 

[0185] Then, at S202, a deceleration D1 achieved by executing supercharging pressure down and fuel cut by the 
20 engine controller 12 is calculated. At S203, comparison between the foregoing target deceleration Dt and the above 
deceleration D1 is made. 

[0186] As the result of the comparison made at S203, when the deceleration D1 is larger than the target deceleration 
Dt (D1 > Dt), so that it is judged that the execution of supercharging pressure down and fuel cut can obtain sufficient 
deceleration. So at S204, the engine controller 12 executes supercharging pressure down and fuel cut to terminate the 
25 program. 

[0187] On the other hand, as the result of the comparison made at S203, when the deceleration D1 is smaller than 
or equal to the target deceleration Dt (D1 Dt), so that it is judged that the execution of supercharging pressure down 
and fuel cut cannot obtain sufficient deceleration, the program goes to S205 for further processing. 
[0188] Then, S205 calculates a deceleration D2 to be expected when the engine controller 12 executes, in addition 
30 to the supercharging pressure down and fuel cut throttle closing. Next, the program goes to S206, where comparison 
is made between the target deceleration Dt and the above deceleration D2. 

[0189] As the result of the above comparison at S206, when the deceleration D2 is larger than the target deceleration 
Dt (D2 > Dt), so that it is judged that the execution of supercharging pressure down, fuel cut, and throttle closing can 
obtain sufficient deceleration, thereby to proceed to S207 where a throttle opening degree which makes the decelera- 
35 tion D2 essentially equal to the target deceleration Dt is calculated. Then, the program goes to S208, where the engine 
controller 12 executes, in addition to supercharging pressure down, fuel cut, closing control toward the throttle opening 
degree calculated at S207 to terminate the program. 

[0190] On the other hand, as the result of the above comparison at S206, when the deceleration D2 is smaller than 
or equal to the target deceleration Dt (D2 ^ Dt), so that it is judged that the execution of supercharging pressure down, 
40 fuel cut and closing of the throttle cannot obtain sufficient deceleration, the program goes to S209 for further process- 
ing. 

[0191 ] S209 selects the lowest stage to which gear shift-down can be made by the transmission controller 1 1 , and 

then the program goes to S210, where it is judged whether the selected gear shift-down is possible. 

[0192] When the result of the judgment is "YES", the program jumps to S215, while when "NO", the program goes to 

45 S211. 

[0193] Then, S21 1 calculates a deceleration D3 that is obtained when the engine controller 12 executes supercharg- 
ing pressure down, fuel cut and closing of the throttle, and the transmission controller 1 1 executes gear change to the 
possible lowest stage. Furthermore, the program goes to S212, where the calculated deceleration D3 is compared with 
the target deceleration Dt. 

so [01 94] As the result of the comparison at S21 2, when the deceleration D3 is larger than the target deceleration Dt (D3 
> Dt), it is judged that the execution of supercharging pressure down, fuel cut, closing of the throttle and gear shift-down 
can obtain sufficient deceleration, and the program goes to S21 3 where calculation is made for a gear shift stage which 
makes the deceleration D3 essentially equal to the target deceleration Dt. Then, the program goes to S214, where not 
only gear shift-down execution to the calculated gear shift stage is made by the transmission controller 1 1 , but also the 

55 execution of supercharging pressure down, fuel cut and closing of the throttle is made by the engine controller 12, to 
terminate the program. 

[0195] On the other hand, when the deceleration D3 is smaller than or equal to the target deceleration Dt (D3 ^ Dt), 
it is judged that the combinations of supercharging pressure down, fuel cut, closing of the throttle valve and gear shift- 



18 



EP 0 901 929 A1 



down cannot obtain sufficient deceleration, and the program goes to S215 where calculation is made for a brake force 
(controlled by the brake controller 13) which can attain the target deceleration Dt under the condition of the above exe- 
cution of supercharging pressure down, fuel cut, closing of the throttle and gear shift-down (using the present shift stage 
in the case of jump from S210). 

[0196] Then, at S216. the engine controller 12 executes supercharging pressure down, fuel cut, closing of the throttle 
valve, the transmission controller 1 1 executes gear shift-down (using the present selected gear shift stage in the case 
of jump from S210). and the brake controller 13 executes brake force boosting, to terminate the program. 
[0197] As described, in the case of deceleration control, since the selection section 34 selects various combinations 
of supercharging pressure down, fuel cut, closing of the throttle valve (closing control), gear shift-down and brake force 
boosting in accordance with necessary deceleration degree, thereby eliminating the possibility of excessive decelera- 
tion, thus resulting in a natural and proper deceleration. 

[0198] According to the embodiment of the present invention, since the allowable deceleration setting section 28 sets 
the reference value XgLimO in accordance with the actual road surface friction coefficient p. in the reference value set- 
ting section 28a, the road surface friction coefficient u can be well incorporated into the control, thus achieving an opti- 
mum vehicle maneuvering control. 

[0199] Furthermore, to determine the allowable deceleration XgLim, the allowable deceleration setting section 28 not 
only adds a correction for braking distance variance due to road slope SL by its allowable deceleration correction sec- 
tion 28b, but also.corrects the reference value XgLimO so as to have a larger allowable deceleration on a climbing slope 
and a smaller allowable deceleration on a down slope for a constant driver's sense of deceleration/acceleration, so that 
this control can be achieved while giving the driver natural sense. 

[0200] Furthermore, since the allowable lateral acceleration setting section 26 sets the reference value aylln in 
accordance with the road surface friction coefficient u. by its reference value setting section 26a, the road surface friction 
coefficient \i can be well incorporated into the control, thus achieving an optimum vehicle maneuvering control. 
[0201] Furthermore, since the allowable lateral acceleration setting section 26 corrects the allowable lateral acceler- 
ation in accordance with vehicle speed by its vehicle speed correction section 26b, a change in the allowable lateral 
acceleration in accordance with the vehicle speed is properly corrected, thus resulting in an optimum control. 
[0202] Furthermore, since the allowable lateral acceleration setting section 26 corrects the allowable lateral acceler- 
ation in accordance with the curve angle and the turning direction (left curve, right curve) by its curve angle correction 
section 26c, an optimum control fully recognizing the difference in forward sighting between left and right curves can be 
achived when driving on a road having various curving. 

[0203] Finally, since the allowable lateral acceleration setting section 26 corrects the allowable lateral acceleration in 
accordance with road slope SL by its road slope correction section 26d, the allowable lateral acceleration in accordance 
with road slope SL can be properly set, thus resulting in optimum control. 

[0204] As described above in detail, the vehicle maneuvering control device according to the invention can not only 
make the optimum control just matching the road condition in a variety of actual roads, but also achive a great deal of 
benefits allowing natural, practical, reliable and stable maneuvering while taking the effect of the distance up to emerg- 
ing curves into full consideration. 

Claims 

1 . A vehicle maneuvering control device comprising: 

curve detection means (24) for detecting a curve of a road and calculating curve data including a distance 
between a vehicle and the curve, and a physical quantity indicating a degree of the curve; 
allowable deceleration setting means (28) for setting an allowable deceleration at which the vehicle can travel 
in accordance with conditions of the road; 

allowable lateral acceleration setting means (26) for setting an allowable lateral acceleration at which the vehi- 
cle can travel in accordance with the conditions of the road; 

allowable approaching speed setting means (27) for setting an allowable approaching speed at which the vehi- 
cle can approach the curve based on the physical quantity and the allowable lateral acceleration; 
warning judging speed calculating means (29) for calculating a warning judging speed for judging whether a 
warning should be given to a driver based on the distance, the allowable deceleration speed and the allowable 
approaching speed; 

warning means (10) for warning the driver when the present speed is higher than the warning judging speed; 
deceleration judging speed calculating means (33) for calculating a deceleration judging speed for judging 
whether a present speed at which the vehicle is travelling should be decreased based on the distance, the 
allowable deceleration speed and the allowable approaching speed; and 

decreasing means (11, 12, 13) for decreasing the present speed when the present speed is higher than the 
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deceleration judging speed. 

2. A vehicle maneuvering control device comprising: 

curve detection means (24) for detecting a curve of a road and calculating curve data including a distance 
between a vehicle and the curve, and a physical quantity indicating a degree of the curve; 
allowable deceleration setting means (28) for setting an allowable deceleration at which the vehicle can travel 
in accordance with conditions of the road; 

allowable lateral acceleration setting means (26) for setting an allowable lateral acceleration at which the vehi- 
cle can travel in accordance with the conditions of the road; 

allowable approaching speed setting means (27) for setting an allowable approaching speed at which the vehi- 
cle can approach the curve based on the physical quantity and the allowable lateral acceleration; 
deceleration judging speed calculating means (33) for calculating a deceleration judging speed for judging 
whether a present speed at which the vehicle is travelling should be decreased based on the distance, the 
allowable deceleration speed and the allowable approaching speed; and 

decreasing means (11, 12, 13) for decreasing the present speed when the present speed is higher than the 
deceleration judging speed. 

3. A vehicle maneuvering control device comprising: 

curve detection means (24) for detecting a curve of a road and calculating curve data including a distance 
between a vehicle and the curve, and a physical quantity indicating a degree of the curve; 
allowable deceleration setting means (28) for setting an allowable deceleration at which the vehicle can travel 
in accordance with conditions of the road; 

allowable lateral acceleration setting means (26) for setting an allowable lateral acceleration at which the vehi- 
cle can travel in accordance with the conditions of the road; 

allowable approaching speed setting means (27) for setting an allowable approaching speed at which the vehi- 
cle can approach the curve based on the physical quantity and the allowable lateral acceleration; 
warning judging speed calculating means (29) for calculating a warning judging speed for judging whether a 
warning should be given to a driver based on the distance, the allowable deceleration speed and the allowable 
approaching speed; and 

warning means (10) for warning the driver when the present speed is higher than the warning judging speed. 

4. The device according to claim 1 , 

wherein the deceleration judging speed is higher than the warning judging speed. 

5. The device according to any of claims 1 to 4, 

further comprising nagivating means (8) for including information on the road, the curve detection means (24) cal- 
culating the curve data based on the information on the road. 

6. The device according to claim 5, 

further comprising road configuration dectecting means (9) with a camera (9a, 9b) for obtaining road configuration 
data through images of the road taken by the camera (9a, 9b), wherein the curve detection means (24) modifies 
the curve data based on the road conf iguation data. 

7. The device according to any of claims 1 to 6, 

wherein the curve detection means (24) calculate a radius of curvature of the curve as the physical quantity. 

8. The device according to any of claims 1 to 7, 

wherein the allowable deceleration setting means (28) set the allowable deceleration speed based on the friction 
coefficient of the road. 

9. The device according to any of claims 1 to 8, 

wherein the allowable deceleration setting means set the allowable deceleration based on the degree of a slope 
(SL) of the road. 

10. The device according to any of claims 1 to 9, 

wherein the allowable lateral acceleration setting means (26) set the allowable lateral acceleration based on the 
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friction coefficient (^i) of the road. 

1 1 . The device according to any of claims 1 to 1 0, 
wherein the allowable lateral acceleration setting means (26) adjust the allowable lateral acceleration based on the 
present vehicle speed (V). 

12. The device according to any of claims 1 to 1 1 , 
wherein the allowable lateral acceleration setting means (26) adjust the allowable lateral acceleration based on the 
angle of the curve. ' 

13. The device according to any of claims 1 to 12, 

wherein the allowable lateral acceleration setting means (26) adjust the allowable lateral acceleration based on the 
direction in which the vehicle turns. 

15 14. The device according to any of claims 1 to 13, 

wherein the allowable lateral acceleration setting means (26) adjust the allowable lateral acceleration based on the 
degree of a slope (SL) of the road. 

15. The device according to any of claims 1 to 14, 
20 wherein the decreasing means (11, 12, 13) decrease the present speed (V) by means of at least one of lowering 
engine output (12), gear-shift down (11) and applying brakes (13). 
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